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Abstract
The purpose of this thesis is to strengthen our understanding of the mechanisms that shutdown star formation in massive galaxies. We present multi-band photometry for 12 massive
(⇠ 1011 M ) galaxies at z = 0.4–0.8 that exhibit very fast gaseous outflows (> 1000 km s 1 ),
very high star formation rates (> 50 M yr 1 ), and extremely compact sizes (half-light radii
⇠ 100 pc). These galaxies are thought to be in the process of quenching their star formation
as their interstellar gas supplies are being rapidly exhausted by the formation of stars and the
expulsion of gaseous outflows. Studying these unique galaxies may provide insight into how
star formation in massive galaxies is quenched more generally. Our work utilizes images from
the Wide Field Camera 3 on the Hubble Space Telescope in three filters (F475W, F814W, and
F1600W). To spatially resolve the stellar mass within these galaxies, we need to extract information on spatial scales that are smaller than the di↵raction limit. This is accomplished by
fitting models to the light profiles of the galaxies to estimate the sizes and fluxes associated
with the central starburst. Since we have images in multiple filters, we are able to estimate
the stellar mass of the central starbursts and consequently their escape velocities for the very
first time. Having accurate estimates of the escape velocities allows us to test the viability of
various star-formation feedback models. Our results are consistent with a range of feedback
models that include radiation pressure from massive stars, momentum input from supernova
explosions, and other physical mechanisms associated with stellar processes.

1

Introduction
Galaxies are aggregations of gas, dust, and stars (approximately 100 billion) that are held
together by gravity. The galaxies of interest in this thesis are at redshifts of z ⇡ 0.6 (about
5 billion light years from the Earth). These galaxies that compose our sample fall within the
category of post-starburst galaxies. When two gas-rich galaxies merge (see Figure 1), their
interstellar gas experiences dissipation of angular momentum which causes much of the gas to
fall towards the center of the galaxy where gravity readily collapses the gaseous influx into
stars (Mihos & Hernquist, 1996). This aggressive increase in star formation rate is known as
a starburst event. Galaxies that have recently experienced a starburst event are known as
starburst galaxies or post-starburst galaxies. Our galaxies also happen to be extremely small
for the amount of mass that they possess. The importance of this characteristic will become
clear in the pages to come.
Galaxies may be thought of as living organisms that must continue to create cells (stars) in
order to survive. An accurate understanding of the galactic lifecycle is an essential component
to our overall understanding of the evolution of matter in the universe. Presently, there exists
a gap in this overall understanding that is related to the formation of stars. Simulations based
on a ⇤CDM model over-predict the fraction of baryons in the universe that should have been
converted into stars by the present day by an order of magnitude (Kereš et al., 2009). Galaxies
don’t form stars as efficiently as anticipated due to a ubiquitous phenomenon in which large
outflows of gas are driven out of a galaxy’s gravitational clutches (Shapley et al., 2003; Weiner
et al., 2009; Martin et al., 2012). These outflows limit the reservoirs of interstellar gas that
2
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Figure 1. The Merging of Two Galaxies — Image Credit: ESA/Hubble

stars can be formed from and ultimately cease star formation altogether, colloquially killing the
galaxy (Hopkins et al., 2014). The problem at hand is the search to understand the mechanisms
that are responsible for driving the outflows.
It has been suggested that feedback from active galactic nuclei (AGN), which refers to the
central black hole of the galaxy being in a certain, energy-releasing state, could be driving the
energetic outflows and quenching star formation (Silk & Rees, 1998). However, many galaxies
exhibiting highly energetic outflows show no evidence of housing AGN (Diamond-Stanic et
al., 2012; Silk & Rees, 1998). A theory reliant upon feedback from star formation itself has
gained significant support within the astronomical community. Feedback from star formation
includes thermal energy from supernovae and stellar winds as well as momentum input from both
supernovae ram pressure and radiation pressure on dust grains (Martin et al., 2012; DiamondStanic et al., 2012; Heckman & Borthakur, 2016). It has been suggested that star formation
feedback, without reliance on AGN feedback, can reproduce the extremely energetic outflows
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that have been observed leaving some galaxies (Heckman et al., 2011; Diamond-Stanic et al.,
2012). In this thesis we will test the validity of the proposed ability of star formation feedback
to launch high speed outflows.
Observations of outflows are traced by blue-shifted interstellar absorption lines and commonly reveal their velocities to range from 100 to 500 km s

1

(Heckman et al., 2000). Tremonti et

al., 2007 found a set of supercompact, starburst galaxies with outflow speeds above 1000 km s 1 !
The high star formation rates and the dense structure of these galaxies make them ideal subjects
for investigations into the limits of star formation feedback. Measurements of the size of the
galaxies in this sample will provide insight into the legitimacy of star formation feedback as the
primary driver behind the energetic outflows. Some star formation feedback models limit the
speed of an outflow to being on the order of the escape velocity of the galaxy that the outflow is
being ejected from. Measurements of the escape velocity will shed light on the validity of these
models.
This thesis presents how we measured the sizes and escape velocities of the 12 galaxies in
our sample in two filters (F475W and F814W) using data from the Hubble Space Telescope
(HST). It also includes a discussion of the implications of our results on the theory of star
formation feedback and provides insight into the possible avenues of exploration on the topic
that lie ahead.
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1. Data

Figure 2. The Hubble Space Telescope — Image Credit: NASA

We began with a large parent sample of around 1000 galaxies from the Sloan Digital Sky Survey (SDSS) (York et al., 2000) that were in the redshift range 0.3 < z < 1 and showed indication
of recent starburst events (Tremonti et al., 2007; Diamond-Stanic et al., 2012). Twenty-nine
galaxies from this original sample were selected to be measured by HST (see Figure 2) using
the F814W filter. Using images taken with the HST instead of those from the SDSS is crucial
for this project. The images from the SDSS were taken with ground based telescopes that
have insufficient spatial resolution. Additionally, the HST’s ability to avoid the image-tainting
atmosphere of the Earth is of great necessity when studying objects that are as faint and as
distant as the galaxies in our sample.
From this subset, we selected the twelve galaxies with the largest star-formation rates
(Diamond-Stanic et al., 2012). New observations of these galaxies in the F475W and F160W
filters have recently become available. This new data provides us with the exciting ability to
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measure the colors of these galaxies which is vital in determining the age and mass of their stellar populations. With large stellar masses, of order 1011 M , and small e↵ective radii, around
100 pc, the light profiles of these galaxies are extremely compact (Diamond-Stanic et al., 2012).
This compactness is rare, especially considering their redshifts (0.4 < z < 0.8). There is evidence that these galaxies are also the product of recent gas-rich mergers that have undergone
starburst events in the past 100 million years (Sell et al., 2014). It has also been shown that
they have a star formation rate (SFR) > 50 Myr (Diamond-Stanic et al., 2012).
We observed the galaxies using broad-band filters from the Hubble Space Telescopes Wide
Field Camera 3 in two UVIS channels, centered around 475 nm and 814 nm, and one IR channel,
centered around 1600 nm. Raw data observed in the UVIS channel have a pixel scale of 0.04
arcseconds (denoted from now on by: ”) per pixel while the IR channel has a pixel scale of 0.13”
per pixel. The F475W, F814W, and F160W filters have point spread functions (PSF) with full
width half maximums (FWHM) of approximately 0.067”, 0.074”, and 0.151”, respectively.
DrizzlePac was used to align and combine the HST images. Within DrizzlePac, it is specifically AstroDrizzle, TweakReg and TweakBack that have been used to remove geometric distortion, correct for sky background variations, flag cosmic-rays, and combine images with optional
subsampling. This process is applied to images based on their filter (F475W, F814W, or F160W)
and their data type (coarse or fine [defined below]) to forge scientifically valid images which are
aligned with the coordinates on the sky. Filtered images are also aligned with SDSS images.
Properly sampling the point spread function of the UVIS and IR channels generally requires
two pixels per FWHM. UVIS has a FWHM of 0.07”, while IR has a FWHM of 0.14”, which
suggests we sample them at 0.035” and 0.07” respectively. Dithering allows accurate reconstruction of images to a half native pixel size, and we chose to produce drizzled images with 0.05”
pixels for all three filters (F475W, F814W, F160W), which we refer to as coarse, and drizzled
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images with 0.025” pixels for the UVIS filters (F475W, F814W), which we refer to as fine. In
this thesis we primarily use the two UVIS filters.
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2. Methods
Centroid Calculations
The centroid of a galaxy refers to the galaxy’s functional center. There are many ways
to define the functional center; in our analysis we considered several definitions. Finding an
accurate centroid coordinate for a galaxy is integral to finding an accurate measurement of its
half-light radius because it sets the point from which this radius is calculated. The half-light
radius of the galaxies we are studying does a good job of estimating their sizes due to their high
level of compactness (Diamond-Stanic et al., 2012).
We used the software SAOImageDS9 to analyze our images of the 12 galaxies under consideration and made initial estimates of the centroids of each. This initial estimate was made by
locating the coordinates of the pixel with the greatest flux value in each image (the brightest
pixel). This simple definition of functional center is a useful starting point, but we can refine
it to create more meaningful parameter. Using our estimated centroid, we created a 10 pixel
by 10 pixel stamp of the galaxy. Next, we fed the stamps into a code (cl centroidmerged.py)
that uses three di↵erent mathematical methods to return three di↵erent values for the centroid
of the galaxies. These centroids are returned to us on the sub-pixel level. The three strategies
include the center of mass method, the one-degree Gaussian method and the two-degree Gaussian method. The center of mass method calculates the center of mass (with flux instead of
mass) using image moments. The one-degree Gaussian and two-degree Gaussian methods use
one-degree and two-degree Gaussians on the marginal x and y distributions. The code is written such that it loops through all three filters (F475W, F814W and F160W) for all 12 galaxies
under consideration and displays graphs showing the coordinates on the stamp of our estimated
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centroids for each method in each filter for each galaxy. This code also includes calculations of
the standard deviation of the nine centroid estimates for each galaxy.
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Photometric Analysis
All optical imaging systems, including telescopes and the human eye, have a set maximal
resolution. This cap has nothing to do with things like imperfections in the materials of the
system or obscuring e↵ects from things in between the imaging system and the source. The
maximal resolution is set by di↵raction. The di↵raction limit is an unavoidable consequence
of the way light behaves as it enters an aperture. The resolution cap set by di↵raction scales
proportionally to the size of the aperture and inverse proportionally to the wavelength of the
light. The minimum angular separation (✓) of two sources that can be distinguished from each
other by a telescope is given by

(1)

✓ = 1.22

where

✓ ◆
d

is the wavelength of the light entering the telescope and d is the diameter of the

aperture of the telescope. Most telescopes on the ground do not get close to the di↵raction limit
because they are limited by the Earth’s chaotic atmosphere. The resolution of the telescope
that recorded the data used in this thesis, however, is operating above the Earth’s atmosphere,
so its resolution is set by the di↵raction limit.
Since the galaxies we are studying are so far away, in order to extract the morphological
information we want, we need information on spatial scales that are smaller than the di↵raction
limit of the HST. To overcome this barrier separating us from the knowledge we seek, we made
models to estimate what the galaxies may well look like on the scales of interest. To make these
models, we ran our data through a program created by Peng et al., 2002. This program is an
image analysis algorithm called GALFIT that uses parametric functions to model objects as
they appear in 2D digital images. Using GALFIT, we were able to recover information on scales
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much smaller than we possibly could have from simply analyzing the light as it came into the
telescope.
GALFIT works by taking the image and several initial estimates of various parameters like
half-light radius, centroid coordinates, plate scale, etc. to fit the image to a Sersic profile (see
Figure 3). A Sersic profile is a mathematical function that describes how the intensity of light
in an image of a galaxy changes with radius. It has the following form:

(2)

ln I(r) = ln Io

1

kr n

where I(r) is the intensity of light at a given radius (r), Io is the intensity of light at the center
of the galaxy, k is a normalization constant of sorts that is dependent on the half-light radius,
and n is the Sersic index. Armed with the image of the galaxy and various estimates about the
galaxy’s features, GALFIT fits the galaxy to a Sersic index and a half-light radius which forms
the Sersic profile that best describes it (Peng et al., 2002). Pairing the knowledge that there
exists a covariance between n and the half-light radius with the knowledge that our galaxies
have compact nuclear sources at their centers led us to implement a constraint of n  4 in our
quest to optimize our models.
The other component to the model comes from the point spread function (PSF). The PSF
characterizes the way that point sources spread out in an image. The degree that point sources
of a given brightness spread out is a measure of the quality of the imaging system. The PSFs for
each of our images were constructed from stars in the foreground of the images by Paul Sell at
the University of Crete. With the application of our empirically derived PSF comes uncertainty
that e↵ects the information our models give us. The noise associated with our PSF is the reason
that the third column in Figure 4 is not completely white (which would be the case if our model
fit the data exactly).
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To prepare the data to be fed to GALFIT, we created input files composed of information
relevant to the model fitting (see Figure 3). The input files tell GALFIT where to find relevant
files as well as provide initial estimates of various parameters that GALFIT uses to fit the galaxy
to the best model.

Figure 3. GALFIT Input File — Some important rows are row A (which tells
GALFIT where to find the data) and row D (which tells GALFIT where to find
the file that describes the PSF). Rows 0 to 10 at the bottom of the file are the
initial guesses that helps steer GALFIT towards reasonable fits.

GALFIT can fit galaxies to models that have various, specified, morphological components.
Our fits only use one component - the Sersic component that models the nuclear source. We
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know that our sample of galaxies all have a strong nuclear components because it is a pervasive
characteristic of starburst galaxies (Diamond-Stanic et al., 2012). We initially included a sky
background component to account for the stray light that the telescope picked up from sources
other than the galaxy that we’re interested in. However, it came to our attention that during
the preprocessing of our data, the sky background had already been subtracted.
Since the galaxies in our sample are abnormally compact, GALFIT struggled to find good fits
for our data upon its initial fittings. The algorithm would sacrifice the validity of one parameter
to get good values for another. To improve the fits, we took the output parameters that the
first run produced and set them as the input parameters for the second run. Then, we would
manually adjust the blatantly flawed parameters to more realistic values and run GALFIT for
a second time. This fine tuning of the initial values being used to steer GALFIT towards its
output eventually led us to models composed entirely of reasonable parameters.
Running GALFIT on the 2D light profile of a galaxy results in the creation of what is called
a FITS file. Each FITS file is made of three images. The images are that of the data, which is
the image from the HST (after preprocessing), the model, forged by GALFIT, and the residual,
which results from subtracting the model from the data. Each of these images contain useful
information that we now have the ability to do science with. Please see Figure 4 for an example
of these images.
To further increase the quality of our models, we applied the PSFs from the fine images
when creating models of the coarse data. Ideally, we would be able construct our PSFs from an
image with infinite spatial resolution. The plate scales we are working with are 0.05” per pixel
(coarse data) and 0.025” per pixel (fine data). In order to get as ideal as possible, the PSFs
that we applied to our coarse images are the ones that were generated using the fine images.
This results in a minimization of the uncertainty in our model that is introduced by the PSF.
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Figure 4. J0826 GALFIT Outputs — The first column shows the data from the
Hubble Space Telescope, the middle column shows the model that was created
using GALFIT, and the final column shows the residual image. The first row
displays the images from the F475W filter and the second row comes from the
F814W filter.
It is a theoretically sound maneuver because we are describing the same galaxy. Either PSF is
a legitimate characterization of the way the light from the source is being spread out over the
image, but one happens to have better spatial resolution.
After obtaining the output statistics for the 24 images we analyzed (images of the 12 galaxies
using the F475W and F814W filters), we converted the half-light radii from pixels to arseconds
and then from arseconds to kpc using the plate scales of our images and the redshifts of the
galaxies.
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Calculated Outflow Speed via a Toy Model
Within the literature, the following equation for outflow speed is presented:
vf low = 1800 ·

(3)

✓

dp
dt

◆1/2 ✓

(Heckman et al., 2011). In this equation,

dp
dt

⌦
4⇡

◆

1/2

r0

1/2

N

1/2

km s

1

is the rate that momentum is carried into a solid

angle of ⌦ by the wind generated from star formation feedback. N is the column density of the
outflow and r0 is the initial radius that the gas is being launched from (we will estimate this
with the half-light radius). This equation is arranged such that

dp
dt

is in units of 1035 dynes, r0 is

in units of 100 pc, and N is in units of 1021 cm 2 . We will get our

dp
dt

values from the following

equation for the momentum input from supernovae and stellar winds:
dp
= 5 ⇥ 1033
dt

(4)

✓

SFR
M yr

1

◆

dyne

(Veilleux et al., 2005). An additional component to the momentum input comes from the
starburst’s radiation pressure, but it is relatively small (assuming the optical depth due to
radiation isn’t extreme) so we will neglect it in our calculations.
Our values for the star formation rates are obtained from SED (spectral energy distribution)
fitting performed by John Moustakas and are similar to the values used in Diamond-Stanic et
al., 2012. We will assume that the outflows engulf the whole sky, so

⌦
4⇡

will be equal to 1. Our

values for r0 came from the photometry we completed with GALFIT. We will leave N as the
value supplied by Heckman et al., 2011 (1021 cm 2 ). The reason we call this a T oy M odel is
due to the level of confidence we have in its modeling ability. It is being used to get ballpark
estimates. Comparing it to the observed outflow speeds will give us an idea of whether or not
the outflows could have been driven by momentum input from supernovae ram pressure and
stellar winds.
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Galactic Escape Velocity from Color Information
Photometric analyses have been run in the past on the galaxies in our sample, but only using
the F814W filter. Now that we have access to the data from the F475W and F160W images,
we can extract crucial color information. To understand what color information is, one must
first understand what astronomers call the AB Magnitude System. The system says that the
magnitude of an object (mab ) is given by

(5)

mab =

2.5 log

✓

F
3631Jy

◆

where F is the flux of the object and Jy denotes units of Janskys. Clearly, the brighter an
object (the greater the value of F ), the lower its magnitude will be.
In astronomy, the di↵erence between the magnitudes one obtains from flux measurements
in two di↵erent filters is known as the color of the object being observed. The color of a galaxy
informs observers about its stellar population. There are many di↵erent pairings of filters that
get used in astronomy to gain color information. Since we want to learn about the mass of our
galaxies’ nuclear sources, we used the fluxes from the F475W and F814W images. Because 475
nm falls within the visible range and 814 nm arguably falls within the infrared range, one could
say we are using V-I color information. This combination is commonly used by HST observers.
Equipped with color information, we used a code called PROSPECTOR to obtain estimates of
the stellar masses associated with the nuclear sources of our galaxies.
Equation 5 reveals how one transforms flux measurements into magnitudes. However, GALFIT outputs magnitudes and PROSPECTOR takes flux measurements as its inputs (in units
of nanomaggies). In the AB Magnitude System, a maggy is defined as the flux from the object
measured in Janskys relative to 3631Jy. A nanomaggy is 10

9

maggies. Using this information
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and solving equation 5 for flux in nanomaggies, we obtain:
(6)

F = 10

mab
2.5

· 109 .

This equation allowed us to create tables from our GALFIT outputs that we then fed to
PROSPECTOR which, in turn, output estimates of the stellar masses associated with the
nuclear sources at the centers of our galaxies. We then paired this information with our halflight radii measurements to find estimates of the escape velocities of our galaxies using the well
known formula:
(7)

vesc =

r

2GM
.
R

We care about obtaining estimates of the galactic escape velocities because they provide unique
estimates of the gaseous outflow speeds. Claims have been made that the speed at which an
outflow is ejected from a galaxy should be on the order of the galaxy’s escape velocity (Murray
et al., 2011). We will test this hypothesis by comparing the escape velocities with the observed
outflow speeds.
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3. Results/Figures
Centroids
The various definitions of functional center that we tested agree that the center of the
brightest pixel does not correspond to the most descriptive position for the center of the galaxy
(in that they recommend similar coordinates for the centroid that are not the coordinates
suggested by the brightest pixel). Figure 5 presents a graph of the di↵erent potential centroid
coordinates for the galaxy known as J0826. The di↵erent definitions provide data that has a
standard deviation of 0.07 pixels for the x-coordinates and 0.09 pixels for the y-coordinates
(averaged over all galaxies). If we ignore the center of mass method, the average x-coordinate
standard deviation drops to 0.05 pixels and the average y-coordinate standard deviation drops
to 0.06 pixels.

Figure 5. J0826 Centroid Coordinates — The methods are denoted by the color
of the marker and the filter is denoted by the shape of the marker. The gold
marker shows the best value which was obtained by taking an average of the
two Gaussian methods and the black marker shows the location of the brightest
pixel in the image. [Note: centroid com refers to the center of mass method,
centroid 1dg refers to the 1D Gaussian method, and centroid 2dg refers to the 2D
Gaussian method].
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GALFIT Outputs

Figure 6. GALFIT Output Table — Presents the results from the coarse images
of all 12 galaxies in the F475W and F814W filters (with the use of the fine image
PSF).
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Figure 7. Stellar Mass vs. E↵ective Radius — Here is a plot of the e↵ective
radius (another term of the half-light radius) versus the total stellar mass of
the galaxy (values for which were provided by SED fitting performed by John
Moustakas). The galaxies in our sample are super compact! This high level of
compactness is a crucial feature that allows star formation feedback models to
recreate the observed high speeds of the outflows from these galaxies.
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Calculated Outflow Speed

Figure 8. Toy Model Outputs — Presented in this table are the inputs for and
outputs from equation 3.
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3. RESULTS/FIGURES

Stellar Masses of Compact Sources

Figure 9. PROSPECTOR Outputs — This table shows the results of the stellar
population fitting accomplished using PROSPECTOR. We fed PROSPECTOR
the flux values associated with the nuclear components of our galaxies in two
filters with corresponding inverse variance values. When calculating our inverse
variance values, we assumed an uncertainty in our flux measurements of 5 percent.
PROSPECTOR returns a probability distribution for the stellar mass. The table
above presents the best values from this distribution as well as the values from
the 16th and 84th percentiles.
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Escape Velocities

Figure 10. Escape Velocities — The primary values were calculated using the
best values from our stellar mass estimations. The lower and upper bounds were
calculated using the 16th and 84th percentile stellar mass values respectively.
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4. Discussion
Taking an average of the centroid coordinates obtained through the use of the two Gaussian
methods provided us with robust centroid estimates that have enhanced the accuracy of subsequent measurements like those of the half-light radii of our galaxies. These half-light radii
measurements suggest that the galaxies in this sample are all much smaller than most galaxies
that have similar total stellar masses (Diamond-Stanic et al., 2012). This result provides us
with some confidence in our photometry because our results agree with estimates from other
sources such as Diamond-Stanic et al., 2012, Sell et. al, 2014, and Tremonti et al., 2007.
With these half-light radii measurements, we were able to get outflow speed estimates from
our toy model that relies solely upon momentum input from supernovae and stellar winds as
the driving force behind the outflows. The fact that the outflow speeds that the toy model
produced all have greater values than the outflow speeds that were actually observed leaving
the galaxies (in most cases by a very substantial amount), suggests that these galaxies are
compact enough and have high enough star formation rates to allow feedback from these two
mechanisms to account for the energetic outflows (see Figure 11). This is an exciting result that
provides support for the theory of star formation feedback and can inform future investigations,
however, a more rigorous calculation with well understood uncertainty is needed to be able
assert any claims with confidence.
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Figure 11. Observed Outflow Speed vs. Calculated Speed from Toy Model —
The red dotted line shows where the x values equal the y values. Any points over
the line show that the speed produced from the toy model was greater than the
observed outflow speed. This is the case for all 24 data points.

As this thesis has mentioned previously, there exist star formation feedback models that
claim the outflow speeds should be approximately equal to the galactic escape velocity. Our
results, as presented in Figure 12, fail to rule out such models. We believe that our results
from GALFIT for the F814W filter images may be overestimating the flux from the central
source because the light in this filter is more extended than the light in the F475W filter. To
make up for the flux that its ignoring because it lies beyond the central component, GALFIT
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Figure 12. Observed Outflow Speed vs. Our Estimation of the Escape Velocity
— Just like the line in Figure 11, the red dotted line on this plot shows the y = x
line. Since most of the values lie quite close to this line, our estimates of the
escape velocity do not cast doubt upon star formation feedback models that limit
the outflow speeds to being on the order of the galactic escape velocities. The
error bars show the escape velocity bounds that were found using the 16th and
84th percentile stellar mass values.
seems to be ramping up the flux values associated with the nuclear component. This potential
overestimation would make our galaxies appear more red, which would cause us to overestimate
the mass of their central component due to the way PROSPECTER uses our color information
to estimate the stellar mass. A greater mass estimate means a greater escape velocity estimate.
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A way to potentially get better flux estimates is to feed a smaller part of the images into GALFIT
in order to limit the data-tainting flux in the extended regions. Preliminary results using such
methods show that the F475W flux values are basically unchanged whereas some F814W flux
values decrease by about ten percent. Therefore, we believe that future investigations may
demonstrate the illegitimacy of models that limit the outflow velocity from a galaxy to being
on the order of its escape velocity.
In order to bound our results from GALFIT, we could implement a constraint on our models
such that they’d have to have a specified half-light radius. Doing so for the best-fit half-light
radii values in each filter would help reveal how responsive our outputs are to the half-light
radius. This process would result in a range of nuclear flux values from GALFIT that would
allow us to better quantify the uncertainty in our flux measurements. We could then propagate
this uncertainty to our stellar mass estimates and, finally, to our escape velocity estimates.
Another avenue for future work is through the use of GALFITM. This program allows one
to fit multiple images of a galaxy to a model simultaneously. This simultaneous fitting would
result in more robust measurements of the half-light radii of our galaxies. It would also provide
more robust measurements of nuclear fluxes associated with emission on the same spatial scales
across multiple images.
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5. Summary
Using data from images of our sample of galaxies taken by the Hubble Space Telescope in
two filters allowed us to obtain insight-giving morphological information about them. By fitting
the images to models we were able to extract information on the small spatial scales that these
extremely faint, compact, and distant galaxies require.
This thesis provides background information on the niche astronomical problem that it
focuses on. It also documents the specific methods by which our morphological estimates were
made and reports said estimates. Additionally, this thesis presents analyses of and discussions
about the results we obtained as well as how they impact our understanding of the galactic
lifecycle.
The Toy Model that we implemented suggests that the observed speeds of the gaseous outflows from our sample of galaxies could be solely driven by the momentum input from supernovae
and stellar winds. This result helps provide support for the theory that star formation feedback
is the primary mechanism by which gas is ejected from these galaxies.
Our current escape velocity estimates do not rule out star formation feedback models that
limit the outflow speeds from galaxies to being on the order of their escape velocities. This
finding is in exciting tension with our previous suspicions about the comparison between the
escape velocities and outflow speeds of our sample of galaxies. This tension will hopefully be
resolved through subsequent investigations that minimize the influence of extended light on the
measured flux values associated with the nuclear sources.
The future of this project will continue to provide insight into the limits of star formation
feedback. Constraining the half-light radius in our modeling process will give us more confidence
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in our escape velocity estimates. Simultaneous fittings with GALFITM will also help us refine
our escape velocity estimates as well as our half-light radius estimates.

Appendix/Extra-Figures
Table with various statistics on our sample of galaxies:
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Output images from GALFIT for the galaxies in our sample:
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